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@ Improvements in the manufacture of moulded products. 

@ In a process for the manufacture of a moulded product by 
compression of a powder or granules in a die. a powdered die 
lubricant is used, lubricant particles are electrically charged and 
the charged particles are fed to the die in advance of the 
moulding powder. An apparatus for carrying out the process is 
also provided, the apparatus including a first feed (24) for 
feeding a powdered lubricant to the die, a second feed (14) for 
feeding moulded powder to the die after the powdered 
lubricant, and means (26) for maintaining the electrical potential 
of the die at a predetermined value different from that of the 
powdered lubricant. 
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Description 



Improvements in the manufacture of moulded products 



This invention is concerned with moulded pro- 
ducts, especially tablets, produced by the com- 
pression of powders and granules. 5 

Pharmaceutical tablets are usually prepared by 
the Instantaneous compression of a powder, com- 
prising the active ingredient and an excipient. 
between two punches in a die. The force for 
compression may be supplied by either the upper io 
punch or by both the upper and lower punches, but 
in neither case does all of the applied force go into 
compressing the powder. Although some of the 
force is lost in heat and sound energy a major 
proportion is absorbed in overcoming die wall 15 
friction. These frictional forces are sometimes 
sufficiently great as to prevent tablet compression 
altogether, and in other cases the appearance of the 
tablets is unacceptable; for example the tablets may 
be chipped, capped or laminated rendering them 20 
unsuitable for further process. 

In order to obviate these problems it has been 
usual to incorporate a lubricant, especially magne- 
sium stearate, in the powder or granules to be 
tabletted or moulded, normally in a proportion of 25 
from 0.250/0 to 10/0 by weight. Magnesium stearate 
has been found to be one of the most efficient tablet 
lubricants and it also acts as an anti-adherent, 
preventing powder from sticking to punch faces and 
die walls. Other lubricant powders, may, however be 30 
used as, for example, salts of benzoic acid and 
polyethylene glycols. 

The use of magnesium stearate lubricant has, 
however, given rise to a number of problems, 
especially in the production of pharmaceutical $5 
tablets but also for other moulded products. The 
principal problems are as follows: 

(a) it is an extremely hydrophobic powder 
which can adversely affect the bioavailability of 
drugs and is undesirable in soluble tablets 40 
where it produces a surface film or scum on the 
glass of water in which the tablet is dissolved. 

(b) the mixing time used to incoporate the 
magnesium stearate in the other ingredients of 

the tablet formulation is critical and can in- 45 
fluence the physico-mechanical properties of 
the tablets produced. For example, slight 
over-mixing is known to seriously reduce the 
strength of tablets and can produce capping or 
lamination which completely disrupts tablets. 50 

(c) in common with other tablet lubricant 
powders, magnesium stearate is incorporated 
in the whole of the tablet mixture which results 
in a lubricant coat being formed around most of 

the granules or particles. This is inefficient since 55 
lubricant is only required at the interface 
between metal and particle surfaces. It is also 
undesirable since lubricant -excipient and lubri- 
cant - active ingredient contact produces poor 
bonding and seriously weakens the mechanical $0 
strength of the tablets produced. 
We have now found that the above problems can 
be substantially obviated and an improved moulded 



product, especially a tablet, can be obtained by first 
imparting an electric charge to the lubricant and 
feeding the charged lubricant to the die in advance 
of the powder or granules to be compressed being 
fed to the die. 

Accordingly, the present invention provides an 
improvement in the process for the manufacture of a 
moulded product by compression of a powder or 
granules in a die. and in which a powdered die 
lubricant is used, wherein the lubricant particles are 
electrically charged and the charged particles are 
fed to the die in advance of the moulding powder. In 
this process the lubricant is applied substantially 
only where it is required at the interface between the 
metal and moulding powder. 

The lubricant particles may be positively or 
negatively charged and, while it is envisaged that an 
electrostatic charge would be imparted temporarily, 
an electret charge could be implanted. 

Advantageously, the moulded product is a phar- 
maceutical tablet and the lubricant is magnesium 
stearate, and hereinafter the lubricant will be 
described with reference to magnesium stearate 
although it will be appreciated that other substances 
suitable as die lubricants may be used. 

The charging of the magnesium stearate particles 
may be effected by means of a corona discharge 
system or some other such charging system. 
Alternatively it would be possible to charge the 
particles tribo-electricaily, for example by feeding 
them rapidly through a nozzle. Preferably the 
magnesium stearate particles are charged to a 
potential in the range of 1 to 200 kV. 

The magnesium stearate is conveniently mixed 
with a part of the excipient or carrier, for example, 
microcrystalline cellulose, lactose or starch, before it 
is electrostatically charged and fed to the die. The 
mixing time of the magnesium stearate with the 
excipient is not critical and, in fact, overmixing may 
be advantageous, whereas as mentioned above the 
mixing time is critical when the magnesium stearate 
is mixed in with the whole of the moulding or tablet 
formulation. 

In the process of the invention a much lower 
quantity of magnesium stearate is used, for example, 
approximately one-hundreth of that employed in the 
known conventional moulding process. The magne- 
sium stearate may be approximately 0.25 to I.00/0 by 
weight of the mixture with the excipient used in the 
present process, preferably O.SO/o by weight. 

A small quantity of surfactant, for example, from 2 
to 50/0 by weight of magnesium lauryl sulphate, may 
be incorporated in the mixture of magnesium 
stearate and excipient. This has the particular 
advantage in the case of water soluble or efferves- 
cent pharmaceutical tablets that completely clear 
solutions frp-e from scum are obtained. A gitdant may 
also be added to the magnesium stearate-excipient 
mixture but will more usually be incoporated in the 
main moulding powder containing, in the case of 
pharmaceutical tablets, the active ingredient. 
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In the process of the invention the magnesium 
stearate and excipient powder mixture may be filled 
into a hopper of a dry powder electrostatic charging 
unit. As will be described in more detail below with 
reference to the accompanying drawings a spray 
nozzle from the charging unit may be positioned so 
as to direct a fine spray of electrostatically charged 
particles into the front section of a specially 
constructed feed device for the dies of a rotary 
press. The charged particles are attracted to the 
earthed metal surfaces closest to it which include 
the upper and lower tablet punch faces and the 
exposed die wall. The feed rate of the lubricant 
powder (magnesium stearate and excipient) and 
charging current and voltage may be adjusted to 
give optimum lubrication of a given formulation. 

Although pressing of pharmaceutical tablets is 
normally carried out on a rotary press, for example, a 
Manesty B3B, the process of the present invention 
can also be carried out on a single punch machine. 

The process of the present invention enables 
moulded products, especially pharmaceutical ta- 
blets, to be produced which are substantially 
stronger, for example, twice as strong, than those 
produced by the known conventional methods, yet 
have comparable dissolution rates. Thus, for the 
same crushing strength tablets produced by the 
process of the invention have faster dissolution 
rates than conventionally produced tablets. Further, 
in view of the absence of large quantities of 
magnesium stearate within the tablet they are likely 
to have improved bioavailability, especially In the 
case of low-solubility drugs. 

The invention also provides moulded products, 
especially pharmaceutical tablets, when obtained by 
the process of the invention and which have a very 
low content of lubricant. 

The present invention also provides an apparatus 
for manufacturing a moulded product by compress- 
ion of a powder or granules in a die, the apparatus 
including a first feed for feeding a powdered 
lubricant to the die, a second feed for feeding 
moulding powder to the die after the powdered 
lubricant, and means for maintaining the electrical 
potential of the die at a predetermined value different 
from that of the powdered lubricant. 

Conveniently, the electrical potential of the die is 
maintained at earth potential. 

The lubricant particles are electrically charged 
and, while, as already indicated, it is possible to 
implant a permanent electret charge into them, it is 
preferred to impart a temporary electrostatic charge. 
Thus the apparatus preferably further includes 
means for imparting an electrostatic charge to the 
lubricant; the charge imparting means may comprise 
a corona charging system. 

The charge imparting means is preferably incor- 
porated in the first feed. The lubricant particles can 
thus be charged just before they reach the die. 

By way of example a rotary press and certain 
processes embodying the invention will now be 
described with reference to the accompanying 
drawings, of which: 

Fig. 1 is a schematic developed view of a 
rotary press, 



Fig. 1 A is a bar graph comprising strengths of 
tablets prepared according to the invention with 
tablets prepared by conventional techniques, 

Figs. 2 and 3 are print outs obtained from 
5 spectral analysis of tablets prepared by conven- 

tional techniques and tablets prepared accord- 
ing to the invention. 

Fig. 4 is a perspective view of a rotary press 
embodying the invention that has been used in 
10 the laboratory, and 

Fig. 5 is a perspective view of an electrostatic 
dry powder spray nozzle mounted on the rotary 
press. 

The rotary press shown in the drawing is in most 

15 respects entirely conventional. Thus the press has a 
circular die table 1 mounted for rotation about its 
central axis. A plurality of dies 2 are located in the 
table 1. Above and aligned with each die 2 is an 
associated upper punch 3 mounted for sliding 

20 movement into and away from the die in an upper 
punch holder 4 which, in turn, is arranged for rotation 
with the die table 1. Similarly, below and aligned with 
each die 2 is an associated lower punch 5 mounted 
for sliding movement into and away from the die in a 

25 lower punch holder 6 which, in turn, is arranged for 
rotation with the die table 1. Each of the upper 
punches 3 has a cam follower 7 at its upper end and 
similarly each of the lower punches 5 has a cam 
follower 8 at its lower end. The cam followers 7 rest 

30 on a stationary fixed upper cam track 9 while the cam 
followers 8 rest on a stationary fixed lower cam track 
10. The die table 1, dies 2. punches 3. 5 and punch 
holders 4, 6 are made of metal. 
The lower cam track 10 is interrupted at one 

35 position by a ramp 11 the height of which can be 
screw-adjusted and at another position by the head 
of an ejection knob 12 which is also screw-ad- 
justable. 

A pair of compression rolls 13 are also associated 

40 with the upper and lower cam tracks 10 and 11. 

The press has a main hopper 14 for feeding the 
powder or granules to be tabletted. In a conventional 
arrangement this powder would include lubricant 
particles but in the described apparatus that is not 

45 necessary. The hopper 14 has an outlet leading to a 
stationary feed frame or a force feeder with moving 
paddles 15 immediately about the die table 1. The 
base of the frame 15 lies immediately adjacent to the 
top of the die table 1 and has apertures which allow 

50 powder or granules to pass from the compartment 
into the dies 2. 

A stationary blade 16 is provided for scraping 
excess powder or granules away from the dies 2. 
The apparatus is distinguished from a conven- 

55 tional rotary press by the provision of a supplemen- 
tary feed frame 17 made partly of insulating material 
adjacent the frame 15. The supplementary feed 
frame is supplied with a spray of electrostatically 
charged lubricant powder from a feed and corona 

60 charging device 1 8 which will now be described. 

The device 18 has a powder hopper 19 in which a 
mixer 20 is provided. The hopper 19 has an outlet 21 
to which one end of a conduit 22 is connected; an 
inlet 23 for compressed air is provided in the conduit 

65 22 adjacent the outlet 21. The other end of the 
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conduit 22 is connected to the corona charging and 
spraying head 25. The spraying head 25 has an outlet 
nozzle 24 in the centre of which an electrically 
conducting spike 26 is provided. The spike 26 is 
electrically connected to a source of high voltage 31 
(not show^n in Fig. 1 but shown in Fig. 4) via one or 
more conduits 27 containing an electrically conduct- 
ing gel. 

The corona charging device described is not in 
itself a novel device and such a device is sold In the 
United Kingdom by Volstatic Coatings Ltd.. 

In operation of the press the die table 1 and the 
upper and lower punch holders 4, 6. which together 
form a common unit, are rotated in the direction from 
left to right as seen in the drawing. It will be 
appreciated that in the drawing, which is a de- 
veloped view, the right hand edge of the drawing 
joins up with the left hand edge. 

Lubricant powder in the hopper 19 falls to the 
outlet 21 of the hopper and is blown from there along 
the conduit 22 by compressed air entering through 
the inlet 23. The powder is thus carried to the head 
25 and is sprayed out of the nozzle 24 around the 
spike 26. The spike 26 is maintained at a potential in 
the range of 1 to 100 kV, preferably 60 kV and as a 
result the air in the region of the nozzle 24 becomes 
charged and a charge (which may be positive or 
negative) is therefore transferred to the powder as It 
is sprayed. 

The die table 1, dies 2, punches 3, 5 and punch 
holders 4, 6 are all made from electrically conducting 
material and the whole assembly is maintained at 
earth potential. Thus, powder sprayed out of the 
nozzle 24 is attracted to adjacent earthed surfaces 
and these include the working faces of passing 
upper and lower punches 3. 5 and exposed parts of 
passing dies 2. The supplementary feed frame 17, 
being made of insulating material, does not attract 
the powder. 

After receiving a coating of lubricant powder a 
given die 2, having an associated lower punch 5 and 
upper punch 3, moves on to a position underneath 
the feed frame 15 where the die is filled with powder. 
As the die moves to that position the cam follower 8 
is caused to move down by the downwardly sloping 
cam track 10 so that the lower punch 5 only just 
projects into the die and the die is therefore almost 
entirely filled with powder. The cam follower 8 
subsequently reaches the ramp 11 and is driven 
upwardly thereby expelling powder from the die. 
While the cam follower 8 is on the top of the ramp 1 1 
the blade 16 scrapes away excess powder from 
above the die. Thereafter the lower punch 5 is 
lowered as the cam follower 8 returns to the cam 
track 10 and the upper punch 3 drops as the cam 
follower 7 slides down the inclined upper cam track 
9. The upper and lower punches 3, 5 are finally 
forced together by the compression rollers 13 
compressing the powder in the die 2 and forming a 
tablet. Then the upper punch 3 is raised and the 
lower punch 5 also raised until the tablet is flush with 
the die table 2 at which stage the tablet is swept 
away into a collector (not shown) by a wall 
immediately upstream of the supplementary feed 
frame 17. The cycle of operation is then repeated. 



The position of the nozzle 24 relative to the dies 
and punches is not critical but a good position can 
be determined readily by experiment and similarly 
the best charging conditions can be determined by 
experiment. Charging has been accomplished suc- 
cessfully with the spike 26 maintained at a potential 
of 60 kV. the current passing through the spike in 
this case being 50 ^lA. It is believed however that 
other charging conditions in the range of 1 to 100 kV 
and 1 to 100 n A could be satisfactory. 

The following Examples illustrate the invention, 
the parts and percentages being by weight :- 

Example 1 

A tablet moulding powder was prepared by mixing 
99 parts of Tablettose with 
1 part of salicylic acid: 

A lubrication formulation was prepared by mixing 
1 part of magnesium stearate with 
99 parts of Tablettose. 

Tablettose is the trade name of a direct compression 
lactose. 

Tablets were prepared in accordance with the 
process of the invention by first imparting an electric 
charge to the lubricant formulation as described 
above and feeding the charged lubricant formulation 
to the die of a rotary press in advance of the tablet 
moulding powder. 

Example 2 

A tablet moulding powder was prepared by mixing 

99 parts of Tablettose with 
1 part of salicylic acid: 

A lubrication formulation was prepared by mixing 
0.5 parts of magnesium stearate with 
99.5 parts of Tablettose. 

Tablets were prepared by the method described in 
Example 1. 

The tensile strengths, a measure of the tablet 
resistance to mechanical crushing, for the tablets 
obtained in Examples 1 and 2 is shown in Fig. 1A in 
comparison with the strengths of tablets produced 
by conventional methods using the same die wall 
percentages of magnesium stearate as in Exam- 
ples 1 and 2. 

Fig. 1 A is in the form of a bar graph with the bars 
being referenced 1 , 2, 3 and 4. Bars 3 and 4 show the 
results with tablets produced in accordance with 
Examples 1 and 2 respectively while bars 1 and 2 
show the strengths of tablets produced by conven- 
tional methods using the same die wall percentages 
of magnesium stearate as in Examples 1 and 2. The 
symbol "1" at the top of each bar graph shows 95 per 
cent confidence limits about the mean. The "y" axis 
of the bar graph shows the crushing force in 
Newtons that the tablet withstood. 

Example 1 was also conducted with a lubrication 
formulation of 5 parts of magnesium stearate to 95 
parts of Tablettose and with this formulation the 
tablet withstood a crushing force of just under 40 N, 

Example 3 

A tablet moulding powder was made up from 

100 parts of Fast flo: 

65 A lubrication formulation was prepared by mixing 
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1 part of magnesium stearate with 

99 parts of Fast flo 

Tablets were prepared by the method described in 
Example 1. 

Fast flo is the trade name of a direct compression 5 
lactose. 

Example 4 

A moulding powder was made up from 
1CX) parts of Fast flo: io 
A lubrication formulation was prepared by mixing 
0.5 parts of magnesium stearate with 
99.5 parts of Fast flo 

Tablets were prepared by the method described in 
Example 1. 75 

Example 5 

A tablet moulding powder was made up from 

100 parts of Fast flo: 

A lubrication formulation was prepared by mixing 20 
0,25 parts of magnesium stearate with 
99.75 parts of Fast flo 

Tablets were prepared by the method described in 
Example 1, 

25 

Example 6 

A tablet moulding powder was made up from 
100 parts of Fast flo: 

A lubrication formulation was prepared by mixing 

0.5 parts of magnesium stearate, 30 

5.0 parts of magnesium lauryl sulphate and 

94.5 parts of Fast flo 

Tablets were prepared by the method described in 
Example 1. 

They were properly lubricated tablets, the 5.0 per 35 
cent magnesium lauryl sulphate being included as a 
solid surface active agent which is sufficient to 
solubilise the magnesium stearate when the tablet 
dissolves. The formulation is therefore suitable for 
producing tablets which will dissolve in water to give 40 
a clear solution. If desired, an effervescent couple 
(for example, citric acid and sodium bicarbonate) 
may be incorporated in the moulding powder to give 
an effervescent solution on dissolving the tablets. 

45 

Example 7 

A tablet moulding powder was prepared by mixing 
50 parts of Avicel PH101 with 
50 parts of Microtal 

A lubrication formulation was prepared by mixing 50 

2 parts of magnesium stearate with 
98 parts of Avicel PHI 01 

Tablets were produced by the method described in 
Example 1. 

Avicel is the trade name of a direct compression 55 
a-cellulose and Microtal is the trade name of a direct 
compression sucrose. 

Example 8 

A tablet moulding powder was made up from 60 
100 parts of Avicel PH101 
A lubrication formulation was prepared by mixing 
1 part of magnesium stearate with 
98 parts of Avicel PH101 

Tablets were produced by the method described In 65 



Example 1. 

The tablets obtained in the above Examples 
contained only trace quantities of magnesium stear- 
ate equivalent to probably less than 5 microgrammes 
of magnesium stearate in a 500 milligramme tablet. 
This compares with 5000 microgrammes of magne- 
sium stearate contained in a 500 milligramme tablet 
at a 1 per cent level produced by a conventional 
compression moulding method. 

Figs. 2 and 3 illustrate this point. Each figure 
shows a print out obtained from spectral analysis of 
the surface of a tablet. Fig. 3 shows the results for 
four tablets A1 to A4 produced by a conventional 
lubrication technique and it will be seen that in each 
case there Is a clear peak In the print out indicating 
the presence of the magnesium stearate. In con- 
trast, Fig. 2 shows the results for four tablets B1 to 
B4 produced by the process of the invention and in 
each case there Is no clear peak at all in the print out, 
the amount of magnesium stearate being sufficiently 
low that the "peak" is lost in the general background 
noise. 

An example of the arrangement of the charging 
apparatus around the tablet is shown in Fig. 4 of the 
accompanying drawings in which parts correspond- 
ing to those shown in Fig. 1 are referenced by the 
same reference numerals. The arrangement shown 
is one that has been used in laboratory tests. 

Details of the application of the lubrication 
formulation to the upper and lower punches and the 
die walls using a modified electrostatic dry powder 
spray nozzle 24 is shown in Fig. 5 of the accompa- 
nying drawings in which parts corresponding to 
those shown in Fig. 1 are referenced by the same 
reference numerals. 



Claims 

1. A process for the manufacture of a 
moulded product by compression of a powder 
or granules in a die. and in which process a 
powdered die lubricant is used, characterized in 
that the lubricant particles are electrically 
charged and the charged particles are fed to 
the die In advance of the moulding powder. 

2. A process as claimed in claim 1 wherein 
the lubricant is magnesium stearate. 

3. A process as claimed in claim 1 or claim 2 
wherein the moulded product is a pharmaceuti- 
cal tablet. 

4. A process as claimed in any one of claims 1 
to 3 wherein the charging of the lubricant 
particles is effected by means of a corona 
discharge system. 

5. A process as claimed in any one of claims 1 
to 3 wherein the lubricant particles are charged 
tribo-electrically. 

6. A process as claimed in any one of claims 1 
to 5 wherein the particles are charged to a 
potential of ItolOOkV. 

7. A process as claimed in any one of claims 1 
to 6 wherein the lubricant is mixed with a part of 
the excipient used in the moulding formulation. 
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8. A moulded product whenever obtained by 
a process as claimed in any one of claims 1 to 7. 

9. An apparatus for manufacturing a moulded 
product by compression of a powder or 
granules in a die. the apparatus including a first 5 
feed for feeding a powdered lubricant to the die, 

a second feed for feeding moulded powder to 
the die after the powdered lubricant, and means 
for maintaining the electrical potential of the die 
at a predetermined value different from that of 10 
the powdered lubricant, 

10. An apparatus as claimed in claim 9 wherein 
the electrical potential of the die is maintained 
at earth potential. 
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